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Entry of the foregoing and further consideration of the subject application in liglit of die 
remarks that follow and consistent with 37 C-F.R. 1.114 are respectfully requested. 

Claims 1-74 are pending in the current application. Claims 50-57 and 71>74 have been 
withdrawn from consideration by the Examiner. No claim amendments are made in the current 
response. Paragraph 00105 of the Application has been amended to correct a typographical error. 

No new matter has been added. 

Claim Rejections -35 U,S.C, § 102(e) 

Claims 1-41 have been rejected under 35 U.S.C. § 102(e) as unpatentable over U.S. 
Patent No. 6,583,227 to Mehta. et al ("Mehta"). Applicants request reconsideration of this 
rejection in light of liie following statements. 

Page 3 of the OfiSce Action states, "... tlie Examiner contends that broad, bimodal 
molecular distribution as stated in Mehta is synonymous with unimodal distribution found in the 
claimed invention." By its very nature, unimodal molecular weight distribution ("MWD") is not 
synonymous with bimodal MWD, A polymer's imimodal molecular weight distribution depicted 
graphically, results m a smooth curve with a single peak (and consequently, a single inflection 
point). In contrast^ a bimodal MWD, no matter how broad, is a curve with at least two peaks (and 
thus, at least two inflection points). This is show graphically in Mehta at Fig. 6. Mehta 
distinguishes its invention (examples 10 and 1 1), polymers with broad, bimodal MWD curves, 
from that of "control samples" (examples 12-18), which exhibit unimodal MWD curves. See 
Mehta at Pig. 6. 

Further, it is well known in the art that unimodal and bimodal molecular weight 
distributions are not "synonymous" as claimed by the Examiner. The following is a description 
of tlie known diflFerences between unimodal and bimodal molecular weight distribution: 

By the "modality" of a polymer is meant the structure of the 
molecular-weight distribution of the polymer, i.e. the appearance of the 
curve indicating the number of molecules as a function of the molecular 
weight. If the curve exhibits one maximum, the polymer is referred to as 
"unimodal", whereas if the curve exhibits a very broad maximum or two 
or more maxima and the polymer consists of two or more fractions, the 
polymer is referred to as "bimodal", "multimodal" etc. 
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See PCT International Publication No. WO 99/65039, An Insulating Composition for 
Communication Cables, p, 5., Ins. 6-14; see also Virendralcumar Gupta, CP. Vinod, G.U, 
Kulkami. Goutam K. Lahiii, Niladri Maity and Suniit Bhaduri, Polyethersidfone supported 
titanium complexes as ethylene polymerization catalysts^ 88 Current Science No. 7, U63-64 
(April 10. 2005) (describing Figure 1 as depicting a unimodal polymer, identified by "(1)", and a 
bimodal polymer, identified by "(3)"), a copy of which is attached as Exhibit 1. 

In light of the above. Applicants respectfully request the rejection be withdrawn and the 
Application proceed to Allowance. 



It is respectfully submitted that all pending claims are in condition for allowance. 
Accordingly, Applicants request early and favorable reconsideration in tlie form of a Notice of 
Allowance. 

If necessary to affect a timely response, this paper sliould be considered as a petition for 
an Extension of Time sufKcient to affect a timely response. Please charge any deficiency in fees 
or credit any overpayments to Deposit Account No. 05-1712 (Docket #: 2002B147/2). 
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Poly ethersulf one supported titanium 
complexes as ethylene polymerization 

catalysts 

Virendraknmar Gttpta*, C, P. Vinod^, 
G. U. Kullcanl|^ Goutam K. LahirP, 
Niladri Maity' and Swmit Bhaduri''* 
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for Advanced Scientific Ri»icarch, Bunijulon: 560 064. India 
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pciwal, Mumh«i 400 076, Indiu 

Polyethersulfone has been used as tltc support to anchor 
TiCl4 or CpiTiCla through dative ^O-Ti' bond. The 
supported comploxQS in combination with methylalu- 
minoxune ore efXective ethylene polymerization cata- 
lysts. The polyethylene made by the supported catalysts, 
especially the titanocene-derlved catalyst^ lias low poly- 
dispersity Indicating single site character. 

NOVEL catalysts for the manufacture of polyethylene are of 
great current research interest^. While most of the commercial 
heterogeneous catalysts are based on ailica-su^orted chro* 
mium, or magnesium chloride-supported titanium species, in 
recent years metallocene and non-metal locene transition 
metal complexes, the so-catled single site catalysts, have 
attracted significant attention'*". 

'For oorrcapondcncc, (o-matl: 3iunit,bhadiiTi@ril.cOm) 
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Frum die point of view of practical application anchoring 
of cataljnically active titanium complexes onto a suitable 
support, by a simple synthetic procedure, and with minimum 
alteration of the ligand environments is a cballenge^'^. The 
supported catalyst at tlie molecular level must be well-defined 
and when used in polymerization reactions, should approxi- 
mate single-site behaviour. TiCU ontl CpnTiCl: arc two of the 
most easily available and widely used precursors for magne- 
sium chloridc"iiupportcd Zicglcr— Natta and single-site m&taJ- 
loccnc cutulysts respectively. Thus from the point of view 
of potential application, it is highly desirable tu find a 
polymer that without fvinctionalization is capable of teth- 
ering TtCl4 and titanium metallocene complexes through 
well-defmed chemical bonds. Unlike other supported homo- 
geneous catai3rsts^ the purpose of anchoring is therefore 
not the easy separation of the catalyst, but to unpart single 
site character to a supported catalyst. Fuithcimore such 
supported catalysts can be easily used in fluidized bed reac- 
tors. 

In this cOmmuniCiUion we report that polyethersulfone 
(PES) is a versatile support material on which TiCI^ and 
CpnTiClj could be easily anchored through dative 'O-Ti' 
bond. The supported complexes in combination with methy- 
laluminoxiine (MAO) arc effective ethylene polymeriza- 
tion catalysts. The polyethylene made by tho supported 
catalysts, especially the titanocene-derived catalyst, has 
lowpolydispersity indicating single site character. 

Trieihylaluminum (AlEtj) (Schcrings, AG, Germany), 
titanium tetrachloride (JiCU) (Merck^ Gennany) and bis 
(cyclopcntadicnc) titanium dicbloride (CpiTiCb) (Aldrich. 
USA) were used as received without flirthcr purification. 
Polyethersulfone (average A/„ --20,000) was a gift sample 
from Gharda Chemicals, India. All operations unless stated 
Otherwise were carried out under an inert atmosphere of 
nitrogen or argoa GPC chromatograms (140°C. trichlorobcn- 
zcne H5 solvent) were recorded on a Polymer Laboratory 
220 instrument. 

A solution of CpaTiCii (1.7 GM) in dtcholoromelhane 
(20 cm^) is added drop wise under nitrogen to a di- 
chloromethane (200 cmO solution of PES (5 GM) at IS^C 
and stirred for 2 h. Pale yellowish precipitate of 1 sepa- 
rates out from the clear solution, which is isolated by fil- 
tration and washed repeatedly with dichloromethane and 
stored undor diy nitrogen. This material is used for all sub- 
sequent experiments with 1 . 

Catalyst 2 is prepared ond isolated by a similar procc- 
duTo by using TiCU (1.3 GM) and PES (5 GM). Catalyst 4 
is prepared by mixing dichloromethane solutions (100 cm^ 
each) of Tia< (1.3 GM) and dimethyl sulfonc (0.1 GM). 
stirring the sohition for 4 h, removing the solvent under 
rcducod pressure and washing the residue with toluene ( I ml) 
and hexane. 

All polymerization experiments were carried out in a dou- 
ble-jaelceted tfarecsnecked glass reactor of one-litre capacity, 
in toluene (200 ml) at 27°C for 60 mm. In all the experi- 
ments the cocatatyst used was MAO (30%). the amount of 
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catalyst used was between 0.05 to 0.5 GM and an A] : Ti 
molar ratio of 100 : 1 wqs maintfiincd. For polymcrizfltion 
with 3» the catalyst was prepared in-xitu by mixing CpjTiCIa 
(0.37 GM) and MejSOj (0.09 GM) and allowing the sohi- 
tion to equilibrate for 2 h before initiating polymodzntion by 
tlifi addition of MAO and ethyJcnc. 

Reactions of PES with CpaTiCh aad T\CU lead to the 
formation of 1 and 2 respectively. Tho tentative fbrmulationa 
of the supported species (Scheme 1) arc bused on analytical 
and XPS data. By adjusting ilie relative amount of PBS 
and the precursor titanium complex, tlie amount of titanium 
loading in the supported species could be controlled. Opti- 
mum catalytic activity is observed for titanium contents 
between 3 and 5%. 

in I and 2 the Ti ; CI molar ratios are found to be 1 : 2 
and 1 : 4 respectively. In PES the XPS signal corresponding 
to sulfur 2p (spin-orbit unresolved) is observed as a broad 
feature centered at --ITOeV (Au Afyn as reference at 
84.0 cV). However, in both 1 and 2 (he sulfur peak could 
be deconvultttcd into two peaks (spin-orbit unresolved) of 
binding energies 173,5 and 170 eV. It is reasonable to ascribe 
the peak of binding energy 173.5 eV to the sulfur atoms 
of those sulfonc groups that have oxygen atoms coordinated 
to Ti^^ For 2, the titanium spin-orbit doublet, 2p3/a and 
^Pm appear at 458.5 and 465.5 cV, while the jtaxk due to 
chlorine 2p appears at 200 eV. Tliese values are close to that 
of the literature reported data' for TjCl4 on MgCl2. 

By reacting CpsTiCli and TiCl^ with molar amounts of 
MC2SO3 wc attempted the syntheses and isolation of the 
model complexes Cp3TiCl2(Me3S02) 3, and TiCU^vfosSOs 
4, respectively. While the addition of MejSOs to an orange 




Seticnic 1. Propoflod fonnulaiione of 1, 2 ftiul 3. DFT baud srntcmre 
nf4 ia given in Figute 1 a. 
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solution of Cp2TiCl2 does lead to a slight colour change, 
all attempts to isolate 3 as a solid have been unsuccessful. 
At the end of the reaction, unreacied CpsTiOj and MC2SO2 
are recovered. This indicates that 3 ts stable in sohition, 
and its isolation as a solid is not possible due to the labile 
bonding of MCzSOa with Cp^TiCh. In contrast, complex 4 
can be isolated as a moisture and air-sensitive orange yel- 
low microcrystalline solid. The analytical data (Ti, CI, C, 
H) of 4 are consistent with the proposed formulation. In 4 
the 935 cm""^ band of dimethylsulfonc is replaced with a 
band at -900 cm"*. The electrospray ionization mass spectrum 
of 4 has a molecular ion pealc at 2&4 mass number. 

Attempts to grow single crystals of 4 for X-ray struc- 
ture determination have so far been unsuccessfbl. However^ 
as shown in Figure I a, on the basis of density functional 
(DFT) calculations at B3LYP/LANL2P2 level, the minimum 
energy structure of 4 is expected to be a slightly distorted 
trigonal bipyramid. Examples of co-ordination complexes 
where DMSO as one of the ligands co-ordinates either 
tlirough oxygen or sulflir atom are kllown^ In the DFT 
predicted structure, dimethylsulfonc co-ordinates tlirough 
an oxygen atom and acts as a monodentata ligand. Prelimi- 
nary DFT calculations predict a similar structure and co- 
ordination environment nlso for 3. 

The catalytic activilica of 1-4 have been evaluated for 
ethylene pol3nnerization (Table I), and not for any co- 
polymerization reactions involving other l-a]kenes. The 




















na 


'TiTl / 

H T I 















M. .-7i> ... 



Flaure t. a. DFT (B3Lyp/LANL2DZ) prodfctad struciuro of 4; h. 
Molecular weight diBtriburion of polyethylene obtained by using ) and 
3 OB the catntysls. 
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Tabic 1. Evniuuion of t-4 09 polyclbylene colalysls and polymer 
propertiet 





Activity* 
(ks Pls/molcTi/h/bar) 




Polydiapcrajty** 


3, 
4. 


X 


1600 


3.1 


2.1 




2 


40 


2.7 


4.5 


5. 


3 


25,0 


0,27 


Dimudul 


6. 


4 


11.5 


a.33 


22.7 





*AII Cfttulyiic runs corricd out in toluene (200 ml) at 298 K uudor I bar 
ethylene for 1 h with MAO as Ulc coctttalyst (Al : Ti is 1 OU : 1). 
**McQsured by bifih tCmpcTalure QPC with polyethylene ds etandord. 



number of average molecular weights of polyethylene ob- 
tained with 1 and 2 is approximately one order of magni- 
tude higher than those Obtainc^l with 3 and 4. There is a 
notable reduction in the polydispersity of the polymers 
obtained with 1 and 2 as the catalysts, compared to those 
obtained by usini; 3 und 4. As shown in Figure 1 b, a broad 
and distinctly bimodal molecular weiijht distribution ftmction, 
a chumctcrialic feature of many mwltisite catalysts is obtained 
for 3. Howevtn- with 1, a nairow imimodal molecular weight 
disti'ibutioii function is obtained. 

When combined with the cocatalyst, complexes 3 and 4 
like the well-cstiiblishtxi first generation Ziegler-Natta system 
are expected Co give rise to multiiite colloidal catalysts 
resulting in die formulion of polymers with high polydispcr- 
sity. On the other hand, majority of the surface catalytic 
sites in the supported catalysts liave identical structures. 
These Species arc therefore expected to behave more a£ 
single site catalysts giving polymeis of comparatively 
low polydispersity^^'^ 

Polymerization reactions where MAO is used aa the 
co-catft]yst have been roported to involve tlie cleavage of 
metal alkoxide bonds*. Tt is vcty likely that with 1 and 2, 
cleavage of some of the dative Tt-0 bonds does bikB place 
and as the tx^action proceeds some of the anchored titanium 
Bpedes ar« leached out of the support However, the leached 
out dissolved species, as well as 2, 3 and 4 probably un- 
dergo quick deactivation. In contrast, the diffusion barrier 
between the solution and the insoluble support, and the 
steric crowding m CpiTiCli make the supported catatyilc 
species of 1 resistant towards deactivation. This would 
explain why the molecular weight of polymer obtained 
with 1 is notably higher than that of all the others. 

In conclusion, wc have shown that PES is vcrearilo suppon 
material for polymerization catalysts. Complexes CpiTiCli 
and TiCU can be supported on PES through dative 0-Ti 
bonds. Tfac supported materials in combination with MAO 
give polymm of low polydispersity indicating single site 
• behaviour. 
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Cloning of synthetic VP2 gene of 
infectious bursal disease yinis in a 
mammalian expression vector and its 
use as DNA vaccine in chicken 
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The 1367 bp VP2 gene of infections bursal aisoose virus 
was synthesi^d in tfaree phasei nod cloned in pUCiS 
vector. All the three clones having the inserts were bi- 
dlrecUonally scqticncod and minor' mutations were r^ 
paired. The three selected clones WOrO SCCiucntially cloned 
In pUC29 vector* The 1367 bp gene was released from 
the pUC29 and reclaned in pVAXi Vector. Tlw recom- 
binant plasmid was dcsiignut«d as pVAXl.ibdvp2. U was 
used to trnnsfect chicle embryo flbroblast culture and 
found to express VP2 protein, us detected by immunop- 
eroxldflse test. The recombinant plasmid was used as 
DNA vaccine in chicken using 50 per chick, Injected In- 
tramuscularly. It was found to give 100% protection, 
while vector inoculuted or healthy control chicken died/ 
sufTcrcd from the disease* The present work showed 
that the recombinant plasmid can be used aa DNA 
vaccine against Infeetlous bursal disease in chicken. 

♦For corrospondcncc. (oMiiajl: rQial@rodifrmail.com) 
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